Highlighting the unknown
Introduction
It is estimated that 35 million people in the world are currently living with HIV (UNAIDS, 2015) of whom 1.8 million are children (<15 years old) who reside in lowto-middle income countries (AIDS. Gov., 2015) . An estimated two thirds of people living with HIV received antiretroviral therapy (ART) as of 2013 (UNAIDS, 2015) . As a result of increasingly effective and available ARTs, HIV is now considered a chronic illness rather than a terminal disease. Therefore, identifying and managing the symptoms of the chronic illness, such as fatigue, has become a necessary health concern. Addressing fatigue may prevent or minimise potential negative health consequences for the individual, which would be of benefit to the healthcare system and society at large as well. Fatigue may also impact HIV management by affecting adherence to ART regimes due to, for example, oversleeping or impaired concentration. Aaronson et al. (1999, p. 46) , defined fatigue as "the awareness of a decreased capacity for physical and/or mental activity due to an imbalance in the availability, utilization, and/or restoration of resources needed to perform activity." Fatigue is considered to be normal in the general population, but if extreme and prolonged, can be significantly disabling. Fatigue can thus be distinguished from normal tiredness by its severity and chronicity, despite an individual taking actions that would be expected to result in relief (e.g. rest), and by its impact on functioning (Jacobsen, 2004) . In a qualitative study of cancer-related fatigue, Wu and McSweeney (2007) state that fatigue is different from normal tiredness in that it is overwhelming, ongoing and unresponsive to rest. 'Chronic fatigue' can be defined as ongoing physical and/or mental exhaustion and tiredness that persists for at least one month (Voss, Portillo, Holzemer, & Dodd, 2007) .
Fatigue is a common and disabling symptom in adolescence, particularly among those living with a chronic illness. It has been found to affect approximately one third of the general adolescent population in the UK (Rimes et al., 2007) , with the lifetime prevalence estimated at 2.3% among UK adolescents 8 to 17 year olds. Elevated rates of fatigue have been found in paediatric chronic illnesses, including in 57% of those with terminal cancer (Wolfe et al., 2000) , 52% of those with type 1 diabetes (Levy-Marchal, Patterson, Green, & Group, 2001) , and 60% of those with multiple sclerosis (Banwell et al., 2007) . Fatigue has been reported as a symptom in a case study of an adolescent with HIV (Aggarwal & Rein, 2003) but has not been more extensively studied. To our knowledge, there are no data currently available on the prevalence of fatigue among adolescents with HIV. This omission may be because the focus of research into HIV previously has been through the lens of palliative care rather than chronic illness management, with a more recent shift towards the latter as a result of improvements in antiretroviral therapies. Alternatively, it may be because adolescents with HIV tend to be clustered in low-income countries, where less attention has been paid to factors such as fatigue more broadly, with most research on fatigue having emerged from highincome countries.
The consequences of fatigue in HIV are substantial. In terms of occupational functioning, fatigue among adults with HIV has been correlated with greater functional impairment, and lower survival rates (Justice et al., 1999) , as well as poorer health, lower work productivity (DiBonaventura, Gupta, Cho, & Mrus, 2012) . In adolescents, it is likely that high levels of fatigue could impact on occupational functioning by causing an increase school absenteeism, thus contributing to unfavourable outcomes such as academic underachievement, decreased work productivity and opportunities for employment, and ultimately, impoverishment and decreased quality of life (Harmon, Barroso, Pence, Leserman, & Salahuddin, 2008; Jong et al., 2010) .
Fatigue in adults with HIV is associated with interference in family and social life (Harmon et al., 2008) , possibly due to or compounded by features such as lowered motivation, difficulties with concentration, increased drowsiness and loss of patience.
Fatigue among adolescents with HIV could have a similar effect on social functioning, which may be particularly detrimental at this key stage of individuation from the family and establishing one's own close personal relationships.
Fatigue in adults has also been correlated with poorer treatment adherence, possibly due to its disruptive impact on daily routines, and on concentration and memory (Gay et al., 2011) . Possibly, the same may be true for adolescents with HIV who are also fatigued.
Adherence depends on memory and concentration to recall that the medication needs to be taken and to see that action through to successful completion. Mental fatigue could also disrupt the process of taking medication. Alternatively, or in addition, if side effects such as fatigue, drowsiness or lack of energy are attributed to taking antiretroviral medication, adolescents might become non-adherent as a way to manage these undesirable side effects. A complicating factor in considering medication adherence in adolescents is that, at least to some extent, caregivers are likely to be involved in monitoring and prompting medication taking.
UCSF-SMM
An evidence based theoretical model that has been applied to fatigue in HIV is the The SMM has been extensively applied to fatigue in adults with HIV (Corless et al., 2002; Corless et al., 2008; Voss, 2005; Voss, Dodd, Portillo, & Holzemer, 2006; Voss, Sukati, et al., 2007) . It has also been proposed as a valuable model for the study of fatigue in paediatric oncology patients (Linder, 2010) . However, to our knowledge, the model has not previously been applied to understanding fatigue in adolescents with HIV. It appears to be an appropriate framework, given its utility in adults with HIV who are experiencing fatigue, and its capacity to include developmental considerations, and environmental/contextual factors which may be of particular relevance to adolescents (e.g. parental factors).
We now review the existing evidence about the experience of, management for and consequences of fatigue in adolescents with HIV using the UCSF-SMM framework. We discuss the conceptual, methodological and measurement issues that arise in investigating fatigue in adolescents with HIV. We also highlight research avenues required to further develop this important yet neglected area.
Fatigue in Adolescents with HIV within the SSM framework: The Central Components

Symptom Experience
The SMM model starts with an individual's perception of their symptoms, their evaluation of the meaning of the symptom, and their response to it. Perceptions include judgements about the symptom's severity, its cause, its treatability, and the effect of symptoms on the individual's lives and the lives of their significant others.
It has been established that adults living with HIV have considerably higher levels of fatigue than the general population (Barroso, 1999; Barroso & Voss, 2013) . A review of 42 studies found the prevalence of HIV-related fatigue to range from 33% to 88%, which included HIV-infected individuals who were undergoing treatment, as well as untreated individuals. The large variation in fatigue prevalence may be due to the range of instruments used to assess fatigue (Jong et al., 2010) .
Extrapolating from the above research into fatigue in adults, and also fatigue in paediatric populations with chronic illnesses (Carroll, Chalder, Hemingway, Heyman, & Moss-Morris, 2015; Gold, Mahrer, Yee, & Palermo, 2009; Nutini, Karczewski, & Capoor, 2009; Varni, Burwinkle, & Szer, 2004; Wolfe et al., 2000) , it is plausible that fatigue is a problematic symptom experienced by HIV positive adolescents.
Symptom Management Strategies
The second component of the SMM are the strategies that individuals use to remediate or reduce their symptoms; for example, through taking medication, or seeking professional help. This component includes a consideration of the timeliness of these strategies. As fatigue has not been studied in adolescents with HIV, potential symptom management strategies are unknown. In other adolescent populations with fatigue such as those with Chronic Fatigue Syndrome (CFS), Cognitive Behaviour Therapy (CBT) is effective at reducing fatigue and improving functioning, and results in recovery among around two thirds of patients (Knight, Scheinberg, & Harvey, 2013) . The activity management, graded exercise, sleep management and cognitive strategies used in CBT for CFS may be adapted for fatigued adolescents living with HIV.
Outcomes
The third component of the SMM is outcomes, which includes improvements in symptom status, functioning, emotional status, mortality, morbidity/comorbidity, and quality of life, as well as cost. Although not explicitly mentioned in the original model, this may encompass improvements in family life too, such as a reduction in the need for care by parents.
The Inter-relations between the components of symptom experience, symptom management and outcome
Among adolescents with HIV, fatigue (symptom experience) may be a barrier to HIV symptom management via non-adherence to antiretroviral treatment possibly through poor motivation and hopelessness as part of a depression symptom cluster (Nel & Kagee, 2013) , and/or through the disruptive impact of fatigue on activities of daily living and routine known to occur in adults (Harmon et al., 2008; Lee, Portillo, & Miramontes, 2001 ).
Person Domain
Adolescents are developmentally distinct from adults in relation to attentional, cognitive and interpersonal functioning (Semple, Lee, & Miller, 2006) . Metacognition and executive functioning develop through adolescence (Dahl, 2004) , and adolescents often have less emotional awareness and ability to label feelings than adults (Ciarrochi, Heaven, & Supavadeeprasit, 2008 ). These cognitive differences may affect the symptom experience of fatigue, which may be more focused on physical sensations and behavioural changes in activity levels, and less focused on cognitive or emotional aspects of the fatigue experience (Hockenberry et al., 2003) . This domain of the SMM allows for the consideration of such developmental factors, and how they might influence the symptom experience, symptom management and outcomes.
The person domain also includes demographic factors. In adults with HIV, fatigue has been found to be higher in females (Breitbart, McDonald, Rosenfeld, Monkman, & Passik, 1998) . Being female is a predictor of fatigue among healthy individuals (Åkerstedt et al., 2004) and it has been suggested that this could be the result of increased social and family responsibility. Fatigue has also been found to be higher among older patients in some studies (Singh, Squier, Sivek, Wagener, & Victor, 1997) , although other studies have shown that the longer someone has experienced HIV, the lower their level of reported fatigue may be (Harmon et al., 2008) , possibly due to adaptation to the fatigue and the development of coping mechanisms for it. Factors such as age and gender have yet to be examined in relation to patterns of fatigue in adolescents with HIV.
Environment Domain
The environmental domain of the model captures the conditions within which the given symptom occurs, including physical, social and cultural variables. To date, little is known about how such factors might impact on fatigue in adolescents with HIV.
However, in resource constrained environments, where the prevalence of adolescents living with HIV is highest, the physical demands of basic activities of daily living may exacerbate fatigue. For example, in South Africa, 71% of pupils walk to school, and 900,000 (13%) children and young people travel for more than 30 minutes to and from school every day (Hall et al., 2014) . Other requirements imposed by structural and contextual factors, such as doing household chores like carrying water, or doing menial jobs which are highly physical in nature, may also exacerbate fatigue. In adults with HIV, fatigue appears to be lower in those with a higher monthly income (Harmon et al., 2008 ). This may be because patients with higher income are more able to pay for people to help them out with domestic chores, thus easing the burden of physical tasks, resulting in less fatigue (Harmon et al., 2008) , or that higher paying jobs may be less physically strenuous, resulting in less fatigue. Alternatively, being less fatigued may mean that a person can work for longer hours at a higher level, increasing earnings.
Commensurate with their developmental stage, adolescents face the task of transitioning from dependence and reliance on caregivers to independence and individuation. This influences help-seeking for symptoms, medication adherence, and self-care management strategies they might employ. At the early stages of adolescence, these might be driven by caregivers to a large extent, but by the end of adolescence, they might be undertaken with considerably more autonomy.
Health and Illness Domain
In adults, no physiological factors have been consistently shown to predict fatigue in HIV patients. For example, there have been conflicting findings about the relationship between fatigue, CD4+ T cell counts and viral load (Barroso & Voss, 2013; Jong et al., 2010) . Some HIV patients appear to develop fatigue at the early stages of the illness, and in others, it develops as the illness progresses (Holzemer, 2002) . In the Fatigue in HIV Positive People study (Harmon et al., 2008) , fatigue was negatively correlated with number of years living with HIV infection in a US sample of 128 HIV patients who were predominantly poor and unemployed, of whom 66% were African American. Viral load was not reported in this study, although the participants had a median duration of 10 years post-HIV diagnosis and 82% were on ART. This finding could suggest some degree of reduction in or adaptation to fatigue and/or the development of coping mechanisms over time and it may be that patients perceive fatigue differently over time. However, the sample was self-selecting, responding to study advertisements, with a financial incentive for participation, which poses questions about representativeness.
Almost two thirds of the participants had chronic illnesses, which are potential confounding factors. Furthermore, the cross-sectional design limits the extent to which any robust conclusions can be drawn about causality and directionality. A longitudinal follow-up of this cohort found that no physiological factors predicted greater fatigue, including hepatic function, thyroid function, HIV viral load, immunologic function, gonadal function, hematologic function, and cellular injury (lactic acid) (Barroso et al., 2010) .
Psychosocial factors such as depression, anxiety and social support have been more consistently related to fatigue in adults with HIV (Barroso & Voss, 2013; Jong et al., 2010) . Fatigue is a common symptom of depression (APA, 2013) , and in people with HIV, a strong correlation between depressed mood (assessed by self-report questionnaires such as the Beck Depression Inventory, BDI-II) and fatigue has been consistently reported in the literature (Barroso, 2001; Barroso, Carlson, & Meynell, 2003; Barroso et al., 2010; Ciesla & Roberts, 2001; Perkins, Stern, & Golden, 1994) . Of these studies, Barroso et al. (2010) showed that, over a 1 year period, changes in depression predicted changes in fatigue, both between participants and within participants. Fatigue among persons living with HIV has also been found to co-occur with anxiety (Paddison, Fricchione, Gandhi, & Freudenreich, 2009) . In a prospective longitudinal study of 128 HIV patients, fatigue was shown to result from stressful life events, with the largest effect sizes resulting from the anxiety and depression triggered by such events (Barroso, Leserman, Harmon, Hammill, & Pence, 2015) . Being in an anxious state, i.e. a state of constant hyperarousal induces fatigue as it draws on physiological resources to prepare the body to respond to threat. Although fatigue has not been studied in adolescents, depression and anxiety are common features in adolescents with HIV (Lam, Naar-King, & Wright, 2007; Naar-King et al., 2006; Pao et al., 2000) .
Methodological/Conceptual Issues
Quantifying fatigue as part of the symptom experience is complicated due to the lack of a consensus framework, a variety of definitions and terminology (Aaronson et al., 1999) , and the subjective and multi-dimensional nature of the symptoms (Crichton, Knight, Oakley, Babl, & Anderson, 2015) . Dilemmas continue to exist around when 'normal' fatigue becomes 'abnormal' or pathological, whether duration or severity of fatigue, or both, should be considered, and how to make an inherently subjective experience quantifiable in a meaningful way.
Fatigue can be a core symptom of HIV or a side effect of ART (health and illness related factors), but also a symptom of a co-morbid mental health problems such as depression and anxiety (person related factors). Therefore, distinguishing fatigue and depression is an important methodological issue, given the overlap in symptoms. Both fatigue and depression are multi-dimensional constructs, encompassing cognitive, behavioural, emotional and physiological aspects. Around 1 in 10 HIV positive adults have depression (Ciesla & Roberts, 2001 ) and at least of 1 in 3 report problems with fatigue (Jong et al., 2010) . Therefore, although for some people with HIV, this might be due to their co-morbid mood difficulties, others have fatigue but do not have co-morbid mood difficulties, so depression cannot fully account for all fatigue in people with HIV.
The consensus from the literature appears to be that it is possible, albeit complex, to distinguish fatigue from depression (Jacobsen, 2004; Levine & Greenwald, 2009) . It is possible that people with HIV may be fatigued, or depressed, both, or neither (see table   1 ).
[INSERT TABLE 1 AROUND HERE]
Measurement Issues
A person-related domain measurement issue for all of the studies that have examined depression and fatigue in adults is that questionnaires used to assess depression commonly include somatic symptoms that overlap with symptoms of fatigue (Jong et al., 2010) and/or symptoms of HIV. Psychometric measures of depression, frequently used in health settings, such as the Hospital Anxiety and Depression Scale (HADS) have been shown to be useful as a measure of general distress (Norton, Cosco, Doyle, Done, & Sacker, 2013 ), but are not specific enough for diagnosing depression and are also unlikely to differentiate between fatigue (which may result in individuals scoring on depression), and depression itself.
Furthermore, in paediatric chronic illness populations, there is a paucity of research into fatigue, highlighted by Eddy and Cruz (2007) argue that the existing research is limited by the consideration of fatigue as a dichotomous variable (yes-no) or the use of a visual analogue scale to measure this complex and multi-dimensional construct. Fatigue fluctuates naturally over the course of development, and is higher in late adolescence for example (ter Wolbeek, van Doornen, Kavelaars, & Heijnen, 2006) . Thus, measurement of fatigue needs to take into consideration the person-related factors of developmental stage and age-related norms. Additionally, a review by Crichton et al. (2015) highlighted the lack of robust, well-validated measures of fatigue for paediatric populations,. The Paediatric Quality of Life Inventory (PedsQL) Multidimensional Fatigue Scale (MFS) is the only instrument which has robust measurement properties (Crichton et al., 2015) , although it is considered difficult to score and the copyright is held by a primary researcher. Other promising measures include the Fatigue Scales (Child, Adolescent and Parent versions) and the Patient Reported Outcomes Measurement Instrument System (PROMIS). The former is brief to administer and easy to score, but only considers the intensity dimension of fatigue, while the latter requires computer literacy and access, and is lengthy, taking at least 30 minutes in adolescents.
None of these measures have been used in a sample of adolescents with HIV. The fluctuating and unpredictable nature of fatigue further complicates measurement (Hewlett, Dures, & Almeida, 2011) .
Defining a research agenda for fatigue among HIV infected adolescents.
Many of the components of the UCSF-SMM are unknown in adolescents with HIV, as the extent of the fatigue, its correlates, and potential management among adolescents with HIV are yet to be investigated. However, it seems likely that fatigue presents a considerable problem in adolescents with HIV that may have serious ramifications, possibly impacting the medical management of HIV itself as well as on other outcomes such as school attendance and attainment, employment and quality of life.
Emergent research questions include:
Symptom Experience: To establish whether fatigue is experienced in the same way in adolescents with HIV as in other populations where more extensive fatigue research has been conducted, qualitative research to explore the nature and subjective experience of fatigue in this population is indicated. This will help to establish whether the construct of fatigue applies in a conceptually similar way, and therefore, whether existing measures of fatigue may be appropriate, or whether more culturally sensitive measures may need to be developed. To establish the intensity, severity and duration of fatigue, quantitative research using existing or newly developed measures is indicated. Careful consideration of how best to recruit representative samples (e.g. through schools) is required.
Symptom Management Strategies:
The cognitive behavioural model of fatigue, which has been applied to illnesses such as CFS (Moss-Morris, Spence, & Hou, 2011), rheumatoid arthritis (Hewlett, Chalder, et al., 2011) and multiple sclerosis (Carroll et al., 2015) , aims to explain the onset and maintenance of fatigue and could conceivably apply to HIV. Biological disease characteristics such infection may trigger the onset of fatigue, which is then maintained by cognitive, behavioural and emotional factors.
Cognitive factors include illness perceptions and beliefs about the controllability and predictability of the chronic illness (HIV). Behavioural responses to fatigue include over-exertion or excessive rest. Emotional factors include depression and anxiety, which are common features in adolescents with HIV (Lam et al., 2007; Naar-King et al., 2006; Pao et al., 2000) . The cognitive and behavioural responses to fatigue in this population have not been investigated, and therefore, further research is needed to explore these factors and the appropriateness of this model in adolescents with HIV.
Assuming that the cognitive behavioural model is applicable to adolescents with HIV who are experiencing fatigue, cognitive behavioural interventions used successfully in adolescents with Chronic Fatigue Syndrome (Lloyd, Chalder, Sallis, & Rimes, 2012; Nijhof, Bleijenberg, Uiterwaal, Kimpen, & van de Putte, 2011) could be trialled in this population. These interventions target patterns of activity, aiming to achieve consistent amounts of activity and to gradually increase these, thus combating the vicious cycles of over-exertion-excessive. Where necessary, interventions also seek to identify and address unhelpful illness perceptions and cognitions. Improving sleep hygiene is also a focus of intervention, and where necessary, mood and anxiety are addressed. Similar CBT approaches have proved effective in reducing fatigue and improving functioning in adults with cancer (Gielissen, Verhagen, & Bleijenberg, 2007) , and in adults with multiple sclerosis, for example (van Kessel et al., 2008) . These kinds of interventions could be adapted and trialled in this population, potentially leading to potential improvements in adherence to ART, social and educational/occupational functioning. It would be important to design the interventions such that they could be delivered by low cost healthcare workers in clinic locations.
Outcomes: Further research is needed to explore the impact of fatigue on functioning, and on well-being, and the impact of fatigue on quality of life, as well as the impact on significant others such as parents and siblings. Important variables to measure will therefore include: fatigue using validated self-report scales, distress, functional impairment/disability, sleep, and biological markers of HIV infection such as viral load and CD4+ T cell count.
Health and illness factors:
To understand the symptom experience of fatigue, and how it fits more widely into the individual's life, it will be important to establish what the health and illness-related correlates of fatigue are, including the relationship between fatigue and pain, and fatigue and sleep. Measures that enable these to be separated out in a meaningful way will be needed, and this could be usefully complimented by qualitative research exploring these factors through the lived experience of HIV.
Person: Factors such as age and gender, as well as developmental factors will need to be investigated in relation to patterns of fatigue in adolescents with HIV. The age criterion for adolescents also requires some attention. We propose using the World Health Organisation's definition of adolescent which is between the ages of 10 and 19 (WHO, 2016) .
Environment: Cultural expressions of fatigue have also been under-investigated. To date, most research on fatigue among people living with HIV has been conducted among people in North America and Europe. Yet, HIV prevalence in many countries in Africa and Asia is high, in addition to high prevalence in specific groups such as sex workers, intravenous drug users, and men who have sex with men, all of whom are represented among adolescents.
Measurement issues:
None of the existing fatigue measures have been well-validated outside of Western populations. Thus, the extent to which fatigue assessment instruments, such as the Chalder Fatigue Scale (Chalder et al., 1993) , which has been extensively used in research with both adults and children, might be globally applicable is unclear, and this needs to be established to bring clarity around the environment related domain.
This programme of research would indicate whether fatigue, as a common symptom in HIV, could or should be a treatment target in adolescents. The SMM could be a useful theoretical framework for linking the research findings to symptom management and outcomes. Remediating fatigue by individuals learning self-management strategies, particularly at the early life stage of adolescence, could potentially improve outcomes by increasing quality of life, decreasing school absenteeism and underachievement, and improving the future prospects of adolescents with HIV who are likely to spend many years managing HIV as a chronic illness. It could also improve their adherence to ART, decreasing HIV related mortality and morbidity, and the associated healthcare costs.
Achieving symptom management requires research into all aspects of the SMM model. 
